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CHAPTER 
INTRODUCTION AND STATEMENT OF PROBLEM 
Cleft palate is a common congenital anomaly occurring in approxi-
mately one in every 800-1000 live births. 
Over the last three decades animal research has greatly increased 
knowledge of the normal development of the face and palate. In addi-
tion it has been shown that when certain teratogens are given to a 
pregnant animal during the critical period of embryonic palate formation 
cleft palate wi 11 result. 
Cortisone has been one of the most common teratogens employed in 
rodent experiments. Many investigators have shown the high incidence of 
clefts that are produced in the offspring of A/jax mice when the mothers 
have been injected with cortisone. Other strains of mice have shown a 
variable incidence with cortisone injections. 
Many comparative studies have been conducted on the histochemistry 
and morphology of palatal shelves from cortisone-treated litters and 
from non-cortisone-treated 1 itters in an attempt to determine how 
cortisone induces cleft palate. 
However, until Marks' work (1969) no one had attempted to demon-
strate that injected cortisone actually arrives at the palatal shelves. 
Using autoradiographic techniques and Tritiated cortisone maternal 
injections, Marks demonstrated 1 abel in the maxi 11 ary and palatal shelf 
tissues of the embryos. Thus this label may be T* cortisone and if so 
then the teratogenic action of cortisone may be a direct one on the 
fetal palatal shelves. Marks used an adequate number of specimens but 
statistically analyzed only a random selection of placentas and palatal 
shelves from his study population. 
In this study using Marks 1 specimens we will do background and 
tissue counts on all 85 fetuses. 
Specifically, the objectives of this research are: 
(1) To compare the degree of labeling seen in embryos taken 
from the right uterine horn with that seen in embryos 
from the left uterine horn. 
(2) To determine if there is a difference in the degree of 
Tabeling in embryos and placentas adjacent to the cervix 
as compared to embryos and placentas further from the 
cervix. 
(3) To determine if there was a significant difference in 
labeling of the fetal maxillary process-palatal shelf 
specimens obtained from different mothers. 
(4) To correlate the degree of labeling seen in the placenta 
with that seen in the maxillary process palatal shelf 
area of the corresponding embryo. 
CHAPTER 11 
REVIEW OF THE LITERATURE 
A. NORMAL DEVELOPMENT OF THE PALATE 
There are two general schools of thought on palatal formation: 
1. Differential growth and regression. 
2. Rotation and elevation of palatal shelves. 
1. Differential Growth and Regression 
In 1904, ~olzl proposed that the palatal shelves achieve horizon-
tal i zation by regression of their ventral surfaces with simultaneous 
new growth from their medial surfaces at the level of the tongue. 
Pons-Tortella (1937) reaffirmed this concept. 
2. Rotation and Elevation 
The majority of investigators favor this theory, but all are not 
in complete agreement as to the processes involved. Peter (1924) 
bei'ieved that horizontalization occurred as a result of medial rotation 
of the ventrally directed palatal processes, while Lazarro (1940) 
advanced the notion that rotation was due to a rapid increase of inter-
cel l ular substance within the palatine processes with a concomitant 
removal of the tongue from the plane of horizontal ization due to local 
differential growth changes or actual muscular movement of the tongue. 
- ., 
Reed (1933) felt that the palatal processes horizontalize by differ-
ential growth or muscular contraction and grow medially until t~ey con-
tact each other and fuse. 
In 1954, Walker stated that the literature then available dealing 
with the formation of the mammalian secondary palate was reliable except 
for the stage of closure from the vertical to the horizontal position. 
He then went on to describe seven stages of closure, beginning with the 
tongue lying between the vertically positioned palatine shelves and 
ending with antero-posterior fusion of the medial portions of the 
shelves. Walker also believed that the tongue plays no active part in 
palate formation, since histologic sections had been viewed in which 
one shelf was horizontal and one shelf was vertical, even though the 
tongue had not dropped to allow horizontalization. 
Walker found that the time required for shelf movement is three 
hours and the time for fusion six hours in an undisturbed embryo. By 
experimentally inducing shelf movement, Walker further showed that the 
position of the shelves can change within a minute if the tongue is 
manually displaced, and hence he feels that the resistance of the 
tongue accounts for the time needed for shelf movement. 
Walker and Fraser (1958) found that the palatal shelf connective 
tissue exhibited both metachromasia and an affinity for aldehyde-
fuchsin and formulated the idea that shelf movement could be due either 
to the presence of hyaluronic acid acting as a water binder, and thus 
regulating tissue turgor, or the tensions caused by a developing network 
of elastic fibers. 
The elastic fiber theory was discarded by Walker (1960-1961) in 
favor of the idea that an increase in the synthesis of sulfated acid 
mucopolysaccharides causes a build up of palatal shelf force. 
In 1961, Larsson proposed that chondroitin sulfuric acid produced 
by the mesenchymal cells in the shelf connective tissue was responsible 
for the internal. force due to its ability to change its state of aggre-
gation and water-binding capacity. Larsson further agreed with Walker 
that the internal force is strong enough to cause the palatine shelves 
to bulge over the tongue, rather than wait until the tongue moves out 
of their way. 
B. CORTISONE-INDUCED CLEFT PALATE 
Experimentally induced cleft palate was first shown by Baxter and 
Fraser (1950) with the injection of cortisone into two strains of mice 
which resulted in cleft palate in which there was no involvement of 
the alveolar process of the maxilla. Spontaneous clefts were not found 
to occur in either strain. 
In 1951, Fraser and Fainstat showed that the A/jax strain was the 
most susceptible to cleft induction, and that the highest incidence of 
clefts was noted when the cortisone injections were initiated on the 
tenth or eleventh day of gestation. 
Fraser et al (1954) and Isaacson (1962) were able to obtain a 100% 
incidence of cleft palate in A/jax fetuses when pregnant females were 
administered 2.5 mg of cortisone for four consecutive days beginning on 
the tenth or eleventh day of pregnancy. Ingalls and Curley (1957), 
however, used other doses of hydrocortisone injected at 11! days of 
gestation to produce cleft palates in mice, and found that more fetal 
resorptions occurred when a dose of 10 mg was injected as a single dose. 
In 1954, Fraser et al proposed that two different mechanisms may 
be operational in the causation of induced clefts: one which causes a 
delay in the rotation of the palatal shelves before palatal closure, 
and one which causes a breakdown in palatal tissues after they have 
fused. 
In 1954, Walker felt that the primary cause of induced clefts was 
a delay in the average time and rate at which shelf movement occurred, 
and cites as evidence the fact that he observed numerous specimens of 
embryos in which one palatal shelf had horizontalized while the other 
remained vertical, a finding which he stated was not often encountered 
in untreated embryos. He further found that there was no significant 
difference in the size of the palatal shelves in treated and untreated 
animals prior to the time of palatal closure, although he felt that 
fusion of the shelves is necessary to promote growth of the shelves 
beyond the size prior to closure. 
In 1954, Walker suggested that if cortisone acted upon the shelves 
directly, there would be a decrease in the force available to cause 
shelf movement and that such decrease in available force might be due 
to: 
(1) Inhibition of fiber formation. 
{2) Inhibition of acid mucopolysaccharide synthesis. 
{3) Change in the pattern of tissue arrangement, i.e., fibers, 
mucopolysaccharides. 
Larsson (1961-1962) demonstrated that cortisone injection lowers 
the amount of sulfate incorporated into the mouse embryo acid mucopoly-
saccharides and upheld the idea of Walker and Fraser (1956) that 
shelves in cleft animals are retarded in horizontal ization and that 
cortisone inhibits the formation of substances necessary to produce the 
force for horizontalization, i.e., acid mucopolysaccharides. 
Kalter (1957) enumerated some of the factors which determine the 
frequency of appearance of animals with clefts in a cortisone-treated 
litter. Among these were: dose of cortisone, gestation time, strain 
of mouse, maternal genotype, fetal genotype, maternal weight, and 
fetal weight. Kalter also showed that there were more complete fetal 
resorptions in cortisone-treated 1 itters than in untreated 1 itters. 
Treated 1 itters had 30% fewer animals, and the individual cleft palate 
newborn weighed less than his normal counterpart. A lower frequency 
of clefts was noted where there were heavier mothers or more advanced 
parities. 
Loevy (1962) felt that it was unlikely that the tongue plays an 
active role in cleft formation, and was not a major considerati~n in 
horizontal ization. She further felt that the role of the connective 
tissue in cleft development has been overemphasized. Her findings were 
based upon an investigation in which she injected 1 .25 mg of cortisone 
daily from the eleventh to the fourteenth day in Strong A mice and 
achieved 100% cleft formation. Loevy attributed cleft formation to a 
basement membrane which cannot be penetrated by connective tissue when 
the shelves are continuous and ready to fuse. 
C. CORTISONE ACTION 
Exactly how cortisone acts to induce the formation of cleft palate 
has not thus far been determined. There is the possibility that there 
is an intermediate action elsewhere in the fetus or mot~er, or it may 
act directly on the palatine shelves. 
Krantz and Carr in 1961, showed that cortisone is a gluco-corticoid 
which causes a decrease in circulating eosinophils, a decrease in 
lymphocytes, and an increase in the total white cell count due to an 
increased number of polymorphonuclear leukocytes. They state that it 
also elicits a mild hyperglycemia and an improvement in overall 
capillary tone, resulting in diminished exudation of plasma into the 
tissues. 
Cortisone per se is not found in adrenal venous blood or peri-
pheral blood and is probably a precursor for hydrocortisone (cortisol) 
which is found in the peripheral circulation. It is metabolized mainly 
in the 1 i ve r. 
Hydrocortisone exhibits an anti-inflammatory action possibly owing 
to its ability to suppress the cell's activity in producing the chemical 
agents responsible for inflammation (Krantz and Carr, 1961). 
In 1965, Goodman and Gilman stated that in addition to causing a 
lymphocytopenia, cortisone also is responsible for a decrease in 
lymphoid tissue mass and an increase in the number of red blood cells 
(polycythemia). Furthermore, cortisone aids in the regulation of fat, 
protein, and carbohydrate metabolism. 
In 1961, Dougherty et al, stated that the anti-inflammatory action 
of corticosteroids is a focal one and does not depend upon metabolites 
created at distant sites. They also felt that the influences which 
cortisol exerts on connective tissue are primarily due to modifications 
of fibroblast function, since the fibroblast (sic) is the cell respon-
sible for the majority of structures present in connective tissue, 
i.e., ground substance matrix and fibers. Cortisone inhibits fibro-
blastic proliferation, decreases collagen deposition, and decreases 
the secretion of polysaccharides. 
Dougherty further stated that in tissue culture cortisol causes a 
"pulling in" of the processes of the fibroblasts resulting in an 
epithel ioid-appearing cell. Such cells also develop numerous vacuoles 
filled with reducing substances as shown by various biochemical 
reactions. These epithelioid fibroblasts have been shown cinemicro-
graphically to be quite inactive in their movement. Pinocytosis is 
I 
completely absent, and the epithel ioid cells persist intact in spite 
of enormous damage to neighboring fibroblasts even when the tissue is 
extensively infiltrated by polymorpho~uclear leukocytes. 
Although the biologically active form of the steroid is cortisol, 
Dougherty feels that cortisone is reversibly transformed to cortisol 
and hence acts as a potential reserve for cortisol when it is needed. 
Bullough, in 1952, and Sayeed et al, in 1962, suggested that corti-
sone can suppress mitosis. In another investigation it was found that 
the effect of cortisone on mitosis varies from one type of tissue to 
another, and that it does not seem 1 i ke 1 y that one of co rt i son e ' s 
fundamental actions is to suppress mitosis. Roberts et al (1952) and 
Mott (1968), however, concluded that maternal cortisone injections 
affected the palatine shelves of embryonic A/jax mice by a suppression 
of mitosis, thereby causing a deficiency in the number of cells with a 
subsequent decrease in the amount of intercellular substance. 
In 1951, Layton stated that high doses of cortisone inhibit the 
synthesis of chondroitin sulfate in connective tissue. Cavallero and 
Braccini (1951) found that metachromatically stainable material had 
practically disappeared from the interfibrillar ground substance while 
Lattes et al (1953) also stated that there is a reduction in the meta-
chromasia normally seen suggesting that the mucopolysaccharides of 
cortisone-treated tissue do not undergo the same chemical changes as in 
untreated specimens. 
Larsson (1962) also felt that cortisone interferes with the syn-
thesis of the usual sulfated mucopolysaccharide content of connective 
tissue, and Jacobs (1966} concluded that there is more water present in 
the palates of cortisone-treated embryos and that this edema ia most 
striking during the critical period of palate closure. Jacobs attrib-
uted this edema to .a decreased level of sulfated mucopolysaccharides in 
the shelf mesenchyme. 
In 1953, Paff and Stewart noted a reduction on the number of mast 
cells with cortisone treatment, while Birko (1953) found that it inhibits 
both hyaluronidase and streptococci. 
In skin wounds, Ragan et al (1949) found the development of granu-
lation tissue was markedly delayed by cortisone. Kivirikko (1963) 
stated that cortisone caused an increase of hydroxyprol ine and a 
decrease in the amount of alkali-soluble and neutral-salt soluble colla-
gan in the chicken and attributed to cortisone the ability to alter 
collagen metabolism. 
Fraser et al (1967) determined that the administration of cortisone 
to a pregnant female mouse caused a reduction in the volume of the 
amniotic fluid (oligohydramnios) of the mouse embryo at the time of 
palatal closure, but the amount of the decrease is exactly the same in 
normal embryos as in embryos with a cleft. He therefore concluded that 
the amniotic fluid reduction cannot be the factor that determines which 
embryos develop cleft palate after cortisone treatment. Fraser and his 
co-investigators thought originally that the reduced volume of amniotic 
fluid might cause a constriction of the embryo with subsequent flexion 
of the neck pressing the lower jaw against the chest, thus jamming the 
tongue between the palatal shelves and preventing their closure. 
Karppala and Pitkanen (1960) learned that cortisone inhibits the 
uptake of oxygen by rat 1 iver mitochondria, reduces the activity of 
the enzyme cytochrome oxidase, and uncouples the process of oxidative 
phosphorylation which occurs in the mitochondria. 
DeVenuto et al (1968) by the use of cell fractionation and ster-
oids which were labeled with radioactive tritium and Carbon-14, showed 
that corticosterone and cortisone exhibit a definite interaction with 
the nuclear and mitochondrial fractions of rat liver cells. 
Nasjleti et al (1967) administered a single intramuscular 10 mg 
injection of tritium-labeled cortisone to pregnant female A/jax mice 
at 12t days of gestation. Blood samples were withdrawn from the 
animals at various time intervals while they were still alive and these 
were analyzed by liquid scintillation as were various maternal tissues 
after the animals were sacrificed. Autoradiograms and routine hema-
toxyl in and eosin slides were prepared from the embryos and placentas 
which were obtained by Caesarean section. The investigators found 
that the maternal plasma radioactivity reached a peak 40 minutes after 
the injection of the tritiated cortisone and that radioactivity could 
be found in the adrenal gland, liver, kidney, spleen, and thymus as 
well. Autoradiographic examination of the placentas and embryos re-
vealed that labeling was present on the maternal side of the placenta 
and in the blood channels of the embryonic liver and heart 5~ hours 
after the injection was administered. Nasjleti was not able to find 
labeling in the embryonic palate or maxillary tissue (1969). 
0. AUTORADIOGRAPHY AND TRITIUM-LABELING 
Fitzgerald (1963) and Schoenheider (1960) described a method of 
localizing isotopes to a given area in a histologic section, or even 
to individual cells in which the tissue to be studies is placed sub-
jacent to a photographic emulsion for an adequate time to allow 
exposure of the emulsion which then is developed as in ordinary photo-
graphy. The processed emulsion is referred to as an autoradiogram and 
consists of accumulations of black granules (label) which overlie the 
areas in the tissue which contain the radioisotope. The rapidly moving. 
charged particles emitted from the radioactive material cause ioniza-
tion of the silver bromide crystals contained in the photographic 
emulsion, and it is this ionization which enables us to record the 
presence of the radioisotope. 
Both the chemical and biological behavior of a substance labeled 
with a radioisotope are identical to that of its stable counterpart 
provided that the amount of radioactivity contained in it is small 
enough not to have a significant radiochemical effect and the amount 
of material injected is small enough not to produce a significa~t 
increase in the amount of substance in circulation. The labeled sub-
stance can then be considered a true "tracer" of normal metabolism 
(Schoenheider, 1960). 
In 1958, Hughes et al stated that radioactive tritium is an 
excellent substance to use a label because its beta radiation has a 
very weak energy and, therefore, a very short range. A beta ray will 
travel a maximum distance of six microns in tissue and half of the 
particles will travel less than one micron. Consequently, the majority 
of the activated silver grains in an autoradiogram should 1 ie within 
one micron of their source within the tissue. 
Marks (1969) conducted a study to determine if a radioactive label 
could be found in the fetal maxillary process-palatal shelf area and in 
the placenta after injection of tritium labeled cortisone into pregnant 
femal A/Jax mice. In this study Marks used seven female mice and 
harvested 85 fetuses and 85 placentas. He randomly selected 15 fetal 
heads and 14 placentas for evaluation. Marks concluded that: 
(1) Significant labeling can be seen in both heads and placentas. 
(2) The 50:50 benzene ethanol vehicle is toxic to the A/jax 
mouse and a less toxic vehicle for the tritiated cortisol 
must be found. 
(3) Biochemical, radioisotopic assay of fetal heads and 
placentas is necessary to determine whether a significant 
. percent of the tritium is still tritiated cortisol. 
Mice: 
CHAPTER II I 
MATERIALS AND METHODS 
A/jax mice were used in this study because of their previous use 
in studies of cortisone-induced cleft palate. A total of thirty (20 
female, 10 male} fifteen week-old mice were obtained from Jackson 
Laboratory in Bar Harbor, Maine. 
Mating: 
Males and females were placed together in cages overnight during 
the period of mating. Between 8:00 a.m.and 11 :00 a.m. the following 
morning the females were checked for vaginal copulation plugs. The 
females demonstrating copulation plugs were then isolated and the date 
registered as day zero of the pregnancy. The weight of the animal was 
also recorded on day zero. During daytime hours the animals were 
segregated according to sex until the evening of the same day when 
they were again integrated. 
Cortisone Injections: 
The females believed to be pregnant were again weighed on the 
twelfth day from day zero and if a weight gain of two or more grams 
was observed the animal was assumed to be pregnant (25 grams average 
weight/mouse). 
On the twelfth day of pregnancy the animals were given a 0. 1 cc 
injection of 2.5% cortisone acetate S.A.S., (sterile aqueous solution) 
I 
(total dose of 2.5 mg) intramuscularly in the hamstring muscle of the 
left hind leg. This was followed thirty minutes later by an injection 
of a labeling dose of cortisol (hydrocortisone) - 1, 2, tritium. Nine 
animals were used, two of them receiving 500 uc (20 uc/gm containing a 
total dose of .037 mg of T* cortisone) and the remaining seven receiving 
50 uc (2 uc/gm containing a total dose of .0037 mg of T* cortisone). 
Only the animals receiving 50 uc will be considered in this study. 
Radiocortisol injections were preceded 30 minutes by the 2.5 mg 
injections of cortisone acetate because it was assumed necessary to 
overload the pregnant female mouse's normal cortisone metabolism lest 
the animal metabolize the minute amount of cortisol which would be 
present in the tritiated dose, rendering it useless as a tracer material 
for fetal cortisone distribution. According to Nasjleti (1967) the 
maternal plasma radioactivity level reaches a peak forty minutes after 
tracer injection. It was therefore felt that thirty minutes would be 
enough time for sufficient absorption of cortisone to overload the 
maternal system of cortisone catabolism. Thus the subsequent injection 
of tritiated cortisone would not be catabolized and could pass into the 
fetal circulation in adequate levels for labeling, if, indeed cortisone 
is able to cross the placental barrier. 
The animals were sacrificed five hours after the tracer injection 
and the uteri were removed with the embryonic sacs intact and al lowed 
to fix for 48 hours in a solution of 10% neutral formalin. Each embryo 
and its placenta were then dissected from the uterus and its position 
in the right or left uterine horn was recorded. 
Histologic Preparation and Autoradiographic Technique: 
The embryo heads were detached from the bodies under a binocular 
dissecting microscope, embedded in paraffin, and sectioned at 5 microns 
as were the placentas. Each tenth slide was stained with hematoxyl in 
and eosin for cellular and area identification. The staining procedures 
used were those described by McManus and Mowry (1961). 
(1) Under darkroom conditions, a Wratten #l, Red Safe] ite 
10 watt bulb was used. A humidity of 70% or less was 
maintained. 
(2) The slides were dipped in Kodak NTB3 liquid emulsion. 
(3) The slides were air-dried for 10 minutes. 
(4) Ten slides were placed in a black 1 ightproof exposure 
box section sides up. Lithium chloride was placed in 
the box for maintaining a low humidity, and black 
masking tape was used to seal the box. 
(5) The box was exposed for 5 weeks at low humidity and 
temperature. During the exposure time the box was 
maintained in a position which keeps the sections 
upright. 
(6) After five weeks, the slides were placed in a staining 
rack and developed for five minutes at 60° F. (18° C.) 
in Kodak 0196 developer. 
(7) The slides were rinsed in distil led water for 30 
seconds and then placed in acid fixer for ten minutes. 
(8) The slides were rinsed in running tap water for 30 
minutes. 
(9) The slides and staining dish were covered with tissue 
paper to prevent dust from settling on them and allowed 
to dry in a stream of air. 
The processed autoradiograms were then stained with nuclear fast 
red and counter-stained with indigo carmine. 
Grain Counts: 
The autoradiograms were examined microscopically and grain counts 
made of areas on the slide overlying tissue sections and areas with no 
underlying tissue sections (to determine background contamination). A 
total of ten counts in different sites of the fetal maxillary process-
palatal shelf tissue sections and ten different sites of the background 
were made under 400 X oil immersion. ff the area with subjacent tissue 
sections had significantly more grains than the area containing no 
tissue section, the difference in the number of grains was attributed 
to the presence of tritium-labeled cortisol or a labeled metabolite of 
the labeled cortisol. 
CHAPTER IV 
FINDINGS 
Figure 1A demonstrates a low power autoradiographic section of 
placenta for area identification, while Figure 18 illustrates an auto-
radiogram of the same area with exposed black silver grains in the 
emulsion clearly visible. 
Figure 2A shows a low power section of the fetal head with the 
maxillary processes well defined. Because of the extremely small size 
of the 12~ day old A/jax mouse fetal head, it was not always possible 
to obtain a perfect coronal section with readily defined palatal 
shelves. In sections where the palatal shelves were not available, 
grain counts were made in the maxillary processes rather than in the 
palatal shelves proper. Figure 2B is an autoradiogram qf such an area, 
showing exposed black silver grains overlying the tissue. 
Figure 3 is a diagrammatic illustration showing the manner in 
which fetal positions in the uteri were recorded. For fetuses in 
succeeding uteri, the next numbers were given in numerical order. All 
fetuses were numbered from left to right. For example, if the last 
fetus in the right uterine horn of a given uterus was designated number 
nine, the first fetus in the left uterine horn of the next uterus would 
be labeled number ten. 
'"' 
• . 
Figure lA: Low Power Autoradiographic Section 
of Placenta for Area Identification. 
x 40. 
Figure lB: Autoradiographic Section of Placenta 
Viewed Under Oil Immersion for Grain 
Counts. X 400. 
Figure 2A: Low Power Autoradiographic Section 
of Fetal Head with Well-Defined 
Maxillary Processes. X 40. 
Figure 28: Autoradiographic Section of Fetal 
Head Maxillary Process-Palatal 
Shelf Region Viewed Under Oil 
Immersion for Grain Counts. X 400. 
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Table I is a statistical summary of the grain counts for maxillary 
process-palatal shelf areas from right uterine horn embryos vs. left 
uterine horn embryos. A statistically significant difference between 
the left and right side (p < .001} was found with the left side showing 
more labeling than the right. 
Table 11 is a statistical summary of the grain counts for maxillary 
process-palatal shelf areas from embryos more distal to the cervix as 
compared to those from embryos adjacent to the cervix. No significant 
difference was found to exist between these two groups (left proximal 
vs. left distal p) .45, right proximal vs. right distal .35) p) .20). 
Table Ill is a statistical comparison of grain counts from 
maxillary process-palatal shelf specimens obtained from fetuses from 
different mothers. A significant difference was found to exist between 
fetuses obtained from different mothers (p <. .05). 
When comparing alTX)unt of label in placentas to alTX)unt of label in 
maxillary process-palatal shelf tissues of fetuses from corresponding 
placentas there was a significant positive correlation (r = +0.419, 
p(.01). 
TABLE I 
Statistical Summary of Grain Counts 
for Maxillary Process-Palatal Shelf Areas from 
Right Uterine Horn Embryos vs. left Uterine Horn Embryos 
Right Side Mean ± S.D. left Side Mean ± S.D. 
Grain Count Grain Count T-Value Probability 
9.460 ± 4.426 11 . 860 ± 1 . 59 7 2.751 p(.001 
TABLE I I 
Statistical Summary of Grain Counts 
for Maxillary Process Palatal Shelf Areas of 
Proximal vs. Distal Fetuses 
left P roxi ma I left Distal T-Value Prob ab i I i ty 
10.057 ± 4.357 9.942 ± 4.752 0.044 P> .45 
Right Proximal Right Distal T-Value Probabi Ii ty 
11.957 ± 5.642 8.628 ± 6.413 0.968 . 35 > p > .20 
TABLE I II 
''T'' Com~arisons Between Fetal Maxi 11 a ry 
Process-Palatal Shelf Areas from Different Mothers 
Mother # vs. Mother # 11T11 Value Prob ab i 1 i ty 
3 II 4 0.880 . 20 > p ) . 15 
3 II 5 3.813;~ <.005 
3 II 6 1. 373 .lO)p).05 
3 II 7 2. 359* .025)p).Ol 
3 II 8 3.355* <.005 
3 II 9 3.872;~ (.005 
4 II 5 5,372 (.005 
4 II 6 2.192;': .025)p).01 
4 II 7 3.466* < .005 
4 II 8 4.396;': (.005 
4 II 9 4. 738;~ (.005 
5 II 6 2.637;~ .025)p).Ol 
5 II 7 0.509 . 35 }p >. 20 
5 II 8 0. 169 . 45 > p ) . 40 
5 II 9 0.799 . 35 )p ) . 20 
6 II 7 1 . 850;~ . 05 > p >. 025 
6 II 8 2. 204;~ .025)p ).01 
6 II 9 2.972* .01 > p >. 005 
7 II 8 0.235 . 45) p ) . 40 
7 II 9 1. 028 . 20) p). 15 
8 II 9 1 .009 . 20 > p >. 15 
* Significant Difference. 
CHAPTER V 
DISCUSSION 
In 1969, Marks found that if pregnant A/jax mice were injected 
with 50 microcuries of tritiated cortisol intramuscularly on the 
twelfth fay of pregnancy, and sacrificed five hours after the injection, 
radioactive labeling could be observed autoradiographically in the 
placenta and fetal maxillary process-palatal shelf area. Marks also 
noted that the injection produced a marked physiologic impairment of 
the mothers and attributed this depression to toxicity of the 50:50 
benzene:ethanol solution used as a vehicle for the tritiated cortisol. 
In the present investigation, placental and maxillary process-
palatal shelf specimens similarly obtained were examined for differences 
in the degree of labeling according to the fetal position in the uterus 
and for differences in labeling of specimens from different parent 
animals. The amount of labeling seen in the placenta from a given 
embryo was compared to that noted in the maxillary process-palatal 
shelf area of the same embryo. 
Significantly more labeling (p < .001) was observed in maxillary 
process-palatal shelf specimens obtained from embryos from the left 
uterine horn than in the right uterine horn embryonic specimens. It 
is felt that this difference is due primarily to differences in the 
vascularity of the two uterine horns, which would affect the amount 
of label-bearing blood that could circulate to the respective tissues, 
thus altering the amount of label ultimately seen. 
No significant difference in labeling was observed in maxillary 
process-palatal shelf areas obtained from embryos distal to the uterine 
cervix as compared to embryos located adjacent to the cervix (right 
side .35 p).20, left side p).45). 
A comparison of labeling in fetal maxillary process-palatal shelf 
specimens obtained from different mothers showed that there were signif-
icant differences between some specimens from some mothers. These 
. 
differences might be explained by the varying degrees of physiologic 
impairment induced in the mothers by the toxicity of the 50:50 benzene: 
ethanol solution (Marks, 1969). Also variability in vascularity could 
be a factor here. 
The re was significant positive co r re 1 at ion ( r = +0. 419, p < . 01) 
between placental specimens and maxillary process-palatal shelf tissue 
from the same embryo. Apparently the degree of labeling seen in the 
individual placenta is reflected in the maxillary process-palatal 
shelf area of the same individuals as might be expected. 
Trasler (1960) found that within the A/jax strain, embryos in the 
uterine site nearest the ovary develop cleft lip (with or without 
cleft palate) significantly more often than embryos in other positions 
in the uterus. Loevy (1961), however, did not reach the same conclusion~ 
finding that fetuses with cleft 1 ip and cleft palate were found at all 
positions in the uterine horn. 
.... 
From the results of our study if the teratogenic action of corti-
sone is a direct one, we would expect to find a greater incidence of 
cleft palates obtained from the left uterine horn as opposed to those 
from the right uterine horn after a 10 mg injection of cortisone into 
a pregnant mother. 
The findings of a high placental labeling with a high label in 
the corresponding palatal shelf area labeling verifies the accuracy 
of the experimental technique. 
The heavy labeling found in all the placentas is likely due either 
to the great vascularity of this organ or to possible degredation of 
the cortisone to a basic steroid and its utilization in the production 
of progesterone. 
Although we were readily able to identify significant label in 
the tissues, further biochemical analysis must be done to determine 
how much of the label is really T* cortisone. 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Fifty microcuries of tritiated cortisol in a 50:50 benzene:ethanol 
solution was injected intramuscularly into pregnant female A/jax mice 
at 12~ days of pregnancy, and the animals sacrificed five hours after 
the steroid administration. Placentas and fetal maxillary process-
palatal shelf specimens were examined autoradiographically for the 
presence of labeled material in the tissues. 
A higher ·degree of labeling was seen in maxillary process-palatal 
shelf specimens obtained from embryos taken from the left uterine horn 
than from right uterine horn embryos; a finding possibly attributable 
to the difference in vascular supply of the right and left uterine 
horns. 
No significant difference in labeling was noted in maxillary 
process-palatal shelf areas obtained from embryos occupying a place 
distal to the uteri cervix as compared to embryos adjacent ot the 
cervix. 
Fetal maxillary process-palatal shelf specimens obtained from 
different mothers showed some difference in the degree of labeling. 
This difference may be partially attributed to impairment of the 
maternal physiology caused by toxicity of the 50:50 benzene:ethanol 
solution, or variation in vascularity from mother to mother. 
pa 
A significant positive correlation was demonstrated between 
placental specimens and maxillary process-palatal shelf tissue from 
the same embryo. 
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APPENDIX 
TABLE 
Grain Counts with Standard Deviation for Maxillary Process-Palatal 
Shelf Areas from Right Uterine Horn Embryos vs. Left Uterine 
Horn Embryos and from Proximal vs. Distal Embryos 
Fetus # 
2 
3 
8 
7 
6 
5 
MOUSE #1 
Left Horn 
Mean 
Distal 
65.2 
54.8 
87. 1 
Proximal 
Right Horn 
Dis ta 1 
47.90 
102. 20 . 
75.6 
66.6 
Proximal 
Standard 
Deviation 
19.35 
9.91 
9.44 
3.590 
13.050 
10.5 
12.3 
TABLE I (CONTINUED) 
MOUSE #2 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
9 44.20 5.617 
10 68.80 7.235 
11 90.5 10.846 
12 62. 1 8.870 
13 76.4 8.957 
Proximal 
Right Horn 
Distal 
19 47.8 5.260 
18 33.2 5. 770 
17 66.5 7.310 
16 64.5 7.030 
15 78.9 7.340 
14 65.8 8. 394 
Proximal 
,, 
TABLE I (CONTINUED) 
MOUSE #3 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
20 16.70 3.465 
21 22.5 5.700 
22 13.20 2.750 
23 16.90 3.048 
24 12. l 3.935 
25 10.20 2.712 
Pro xi ma l 
Right Horn 
Distal 
29 10.8 5.344 
28 11. 0 11 . 000 
27 13.30 4. 148 
26 18. 8 3,736 
Proximal 
TABLE I (CONT I NUED) 
MOUSE #4 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
30 16.4 4.821 
31 19.8 2.638 
32 14.4 4.758 
33 13. 9 2.586 
34 12.6 2.615 
35 14.9 3.360 
36 17. 5 3.354 
Proximal 
Right Horn 
Distal 
39 22.9 2.991 
38 10.20 3.370 
37 18. 1 2.299 
Proximal 
p 
TABLE I (CONT I NUED) 
MOUSE #5 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
40 11 . 200 2.891 
41 10.800 3.249 
42 13.600 l. 957 
43 5.800 2.414 
44 9.900 4.482 
45 
Proximal 
Right Horn 
Dis ta 1 
49 4. 100 3,832 
48 4.300 2.203 
47 6.300 2.238 
46 5.300 1 . 615 
Proximal 
TABLE I (CONT I NUED) 
MOUSE #6 
Left Horn 
Standard 
Fetus # Mean Deviation 
Dis ta 1 
so 7.800 3.738 
51 16.000 3.065 
52 16.000 2.280 
53 14.900 2.301 
54 10.800 2.891 
Proximal 
Right Horn 
Distal 
60 6.800 1. 833 
59 15.800 3.026 
58 6.300 1 . 951 
57 16.300 3. 132 
56 11 . 000 3.577 
55 14.000 2.280 
Proximal 
TABLE I (CONT I NUED) 
MOUSE #7 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
61 6.600 3.826 
* 
* 
62 13.000 3.323 
Proximal 
Right Horn 
Distal 
67 5.200 2.561 
66 3.300 1.90 
65 11 • 600 2.576 
64 14. l 00 3.534 
6)'d: 
Proximal 
* 
Fetal Resorption 
-;':·k Lost in Laboratory Procedure 
-TABLE I (CONTINUED} 
MOUSE #8 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
68 8.000 3. 162 
69 14.400 2. 107 
70 15.300 2 .531 
71 7.900 3.014 
72 6.300 3.606 
Proxi ma 1 
Right Horn 
Distal 
76 8.600 2.615 
* 
75 6.300 2.410 
74 5.300 2.899 
73 4.000 2.449 
Proximal 
* Fe ta 1 Resorption 
TABLE I (CONTINUED) 
MOUSE #9 
Left Horn 
Standard 
Fetus # Mean Deviation 
Distal 
* 
77 2.900 2. 165 
78 17.300 1. 900 
79 11 . 400 2. 107 
80 2.700 1 .900 
Proxi ma 1 
Right Horn 
Distal 
85 2.000 2.408 
84 2.000 1 .673 
83 3.800 1. 400 
82 4.700 1. 417 
81 9.400 1. 743 
Proximal 
* 
Fetal Resorption 
TABLE 11 
Grain Counts with Standard Deviations from Mouse Embryo Maxillary 
Process-Palatal Shelf Areas Whose Mother Received 50 uc of Tritiated 
Cortisol IM and were Sacrificed at Five Hours 
Mouse # 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
Maxillary Process-
Palatal Shelf Area # 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 . 
37 
Mean 
16.70 
22.50 
13. 20 
16.90 
12. 10 
10.20 
18.80 
16.30 
11. 00 
10.80 
16.40 
19.80 
14.40 
13.90 
12.60 
14.90 
17. 50 
18.10 
Standard 
Devi at ion 
3.465 
5.700 
2.750 
3.048 
3.935 
2.712 
3.736 
4. 148 
11 . 000 
5.344 
4.821 
2.638 
4.758 
2.586 
2.615 
3.360 
3.354 
2.299 
..... 
TABLE l I (CONT I NUED) 
Maxillary Process- Standard 
Mouse # Palatal Shelf Area # Mean Deviation 
4 38 10.20 3.370 
4 39 22.90 2.991 
5 40 11. 20 2. 891 
5 41 10.80 3.249 
5 42 13. 60 1. 959 
5 43 5.80 2.414 
5 44 9.90 4.482 
5 45~" 
5 46 5.30 1 . 615 
5 47 6.30 2.238 
5 48 4.30 2.203 
5 47 4. 10 3.832 
6 50 7.80 3.738 
6 51 16. 00 3.065 
6 52 16.00 2.280 
6 53 14.90 2. 301 
6 54 10.80 2.891 
6 55 14.00 2.280 
6 56 11 . 00 3.577 
6 57 16. 30 3. 132 
6 58 6.30 1.951 
*Unavailable 
' . 
TABLE 11 (CONTINUED) 
Maxillary Process- Standard 
Mouse # Palatal Shelf Area # Mean Deviation 
--
6 59 15. 80 3.026 
6 60 6.80 1. 833 
7 61 6.60 3.826 
7 62 13.00 3.323 
7 63* 
7 64 14. 10 3.534 
7 65 11 . 60 2.576 
7 66 3.30 1 .900 
7 67 5.20 2. 561 
8 68 8.00 3. 162 
8 69 14.40 2.107 
8 70 15. 30 2.532 
8 71 7.90 3.014 
8 72 6.30 3.606 
8 73 4.00 2.449 
8 74 5.30 2.899 
8 75 6.30 2.410 
8 76 8.60 2.615 
8 77 2.90 2 .165 
9 78 17. 30 I. 900 
9 79 11. 40 2.107 
* Unavailable. 
TABLE 11 (CONTINUED) 
Maxillary Process- Standa~d 
Mouse # Palatal Shelf Area # Mean Deviation 
9 80 2.70 1 .900 
9 81 9.40 1. 743 
9 82 4.70 1.417 
9 83 3.80 1 .400 
9 84 2.00 1.673 
9 85 2.00 2.408 
TABLE 111 
Rank Correlation of Placenta vs. Maxillary Process-Palatal 
Shelf Region Based Upon Mean Value of Each 
Maxillary Process-Palatal 
Mouse # Shelf Region # Rank # 
3 20 9 
3 21 2 
3 22 25 
3. 23 8 
3 24 28 
3 25 37 
3 26 4 
3 27 24 
3 28 32 
3 29 34 
4 30 10 
4 31 3 
4 32 18 
4 33 22 
4 34 27 
4 35 17 
4 36 6 
4 37 5 
4 38 36 
TABLE 111 (CONT I NUED) 
Maxillary Process-Palatal 
Mouse # She 1f Region # Rank # 
4 39 
5 40 31 
5 41 35 
5 42 23 
5 43 50 
5 44 38 
5 45~~ 
5 46 51 
5 47 46 
5 48 55 
5 49 56 
6 50 43 
6 51 12 
6 52 13 
6 53 16 
6 54 35 
6 55 21 
6 56 32 
6 57 11 
6 58 47 
6 59 14 
*Unavailable 
TABLE 111 (CONT I NUED) 
Maxillary Process-Palatal 
Mouse # Shelf Re9ion # Rank # 
6 60 44 
7 61 45 
7 62 26 
7 63* 
7 64 20 
7 65 29 
7 66 59 
7 67 53 
8 68 41 
8 69 19 
8 70 0 J 5 
8 71 42 
8 72 48 
8 73 57 
8 74 52 
8 75 49 
8 76 40 
9 77 60 
9 78 7 
9 79 30 
9 80 61 
*Unavailable 
TABLE 11 I (CONTINUED) 
Maxillary Process-Palatal 
Mouse # Shelf Region # Rank # 
9 81 39 
9 82 54 
9 83 58 
9 84 62 
9 85 62 
TABLE IV 
I 
Grain Counts with Standard Deviations from Mouse Embryo p 1 acen tas 
Whose Mother Received 50 uc of Tritiated Cortisol IM 
and were Sacrificed at Five Hours 
Standard 
Mouse # Placenta Mean Deviation 
3 20 17.800 10.235 
3 21 12.700 5.292 
3 22 23.000 5. 138 
3 23 12.000 5.882 
3 24 19.200 5.381 
3 25 19.500 5.731 
3 26 17. 600 8.51 
3 27 20.200 6.462 
3 28 19.300 5.780 
3 29 21 .900 6.920 
4 30 22.700 4.337 
4 31 29.500 6.037 
4 32 35.000 6.228 
4 33 17.300 8. 775 
4 34 17. 600 5.444 
4 35 26.900 8. 395 
4 36 21 .300 11. 332 
4 37 20. 100 6.624 
TABLE IV (CONTINUED) 
Standard 
Mouse # Placenta Mean Deviation 
4 38 48.800 9.641 
4 39 29.600 8.428 
5 40 19.000 5. 118 
5 41 15.900 5.318 
5 42 12.200 5. 793 
5 43 15.000 7. 028 
5 44 5.400 3.411 
5 45 16. 100 7.751 
5 46 12.600 4.409 
5 47 15.700 4. 796 
5 48 16.000 7.861 
5 49 17.700 6.827 
6 50 17. 800 5.075 
6 51 21 .400 8. 187 
6 52 18.300 8.307 
6 53 18. 000 2. 792 
6 54 14.900 2.211 
6 55 18.200 4.915 
6 56 15.400 5.500 
6 57 18.100 5. 185 
6 58 12. I 00 5.009 
TABLE IV (CONTINUED) 
Standard 
Mouse # Placenta Mean Deviation 
6 59 19.900 5. 168 
6 60 20.000 5.234 
7 61 19.200 6. 431 
7 62 18.900 6. 774 
7 63 14.200 6.063 
7 64 13.300 8.295 
7 65 18. 000 5.422 
7 66 19.600 8.945 
7 67 13.700 9.209 
8 68 5.300 3.925 
8 69 12.700 3.822 
8 70 6.400 5.625 
8 71 11 . 300 5.120 
8 72 10.000 3.687 
8 73 9.800 4.284 
8 74 9.800 4.284 
8 75 10.800 4.237 
8 76 9.700 5.423 
9 77 11.600 3.780 
9 78 1O.100 4. 011 
9 79 7.900 5. 107 
---
TABLE IV (CONTINUED) 
Standard 
Mouse # Placenta Mean Deviation 
9 80 ] ] . 700 4.428 
9 81 15.500 5.852 
9 82 12.700 4.583 
9 83 17. 000 6.418 
9 84 10.000 3.872 
9 85 ] ] . 000 5.567 
TABLE V 
Rank Correl at ion of Placenta vs. Maxillary P ro ce s s - Pa 1 a ta 1 
Shelf Reg ion Based Upon Mean Value of Each 
Mouse # Placenta # Rank # 
3 20 26 
3 21 43 
3 22 6 
3 23 49 
3 24 17 
3 25 16 
3 26 29 
3 27 l l 
3 28 16 
3 29 8 
4 30 7 
4 31 4 
4 32 2 
4 33 31 
4 34 30 
4 35 5 
4 36 10 
4 37 12 
4 38 
4 39 3 
TABLE V (CbNTINUED) 
Mouse # Placenta # Rank # 
5 40 19 
5 41 34 
4 42 47 
5 43 38 
5 44 63 
5 45~~ 
5 46 46 
5 47 35 
5 48 33 
5 49 28 
6 50 27 
6 51 9 
6 52 21 
6 53 24 
6 54 39 
6 55 22 
6 56 37 
6 57 23 
6 58 48 
6 59 14 
6 60 13 
*Unavailable. 
TABLE V (CONTINUED) 
Mouse # Placenta # Rank # 
7 61 18 
7 62 20 
7 63~~ 40 
7 64 42 
7 65 25 
7 66 15 
7 67 41 
8 68 64 
8 69 44 
8 70 62 
8 71 52 
8 72 56 
8 73 58 
8 74 59 
8 75 54 
8 76 60 
9 77 51 
9 78 55 
9 79 61 
9 80 50 
9 81 36 
*Unavailable 
TABLE V (CONTINUED) 
Mouse # Placenta # Rank # 
9 82 45 
9 83 32 
9 84 57 
9 85 53 
TABLE VI 
Summart of Embryos with Correseonding 
Mothers and Dosages of T* Cortisone Administered 
Dose, Route of Administration Numerical Designations 
of Tritiated Cortisol, of Embryos Obtained 
Mother and Sacrifice Time Upon Sacrifice 
SQQ UC - IM - 2 Hours 1 2 3 4 5 
6 7 8 
2 500 uc - Subcu. - 5 Hours 9 10 l l 12 13 
14 15 16 17 18 
19 
3 50 UC - IM - S Hours 20 21 22 23 24 
25 26 27 28 29 
4 SO UC - IM - S Hours 30 31 32 33 34 
35 36 37 38 39 
5 50 uc - IM - S Hours 40 41 42 43 44 
45 46 47 48 49 
6 50 UC - IM - 5 Hours 50 51 52 53 54 
55 56 57 58 59 
60 
7 SO UC - IM - S Hours 61 62 63 64 65 
66 67 
8 50 UC - IM - 5 Hours 68 69 70 71 72 
73 74 75 76 
9 50 UC - IM - 5 Hours 77 78 79 80 81 
82 83 84 85 
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